[Abstract] In the recent decade, neutrophil extracellular traps (NETs) have been identified and confirmed as a new anti-microbial weapon of neutrophils. In this protocol, we describe easy methods to demonstrate NET formation by immunofluorescence staining of extracellular chromatin fiber with anti-DNA/Histone H1 antibody and quantification of NETs by using a non-cell-permeable DNA specific dye Sytox orange. (Brinkmann et al., 2004) . However, NETs are a double-edged sword; the unrestrained NET formation from over-activated neutrophils can also contribute to severe tissue damage, for instance by the cytotoxic effect of histone components of NETs (Saffarzadeh et al., 2012) . One example of a pathological condition in which neutrophils are over-activated and have enhanced capacity to form NETs is systemic lupus erythematosus. The levels of antibodies against double-stranded DNA as well as other components of NETs are elevated in sera of lupus patients (Knight and Kaplan, 2012; Yu and Su, 2013) . Affected skin and kidneys from lupus patients are infiltrated by netting neutrophils, which cause endothelial cell damage, a critical step in the pathogenesis of lupus and other neutrophil over-activation syndromes (Villanueva et al., 2011) . Different methods have been used for NET detection and quantification, including immunocytochemistry (Brinkmann et al., 2010) , fluorescent dyes, flow cytometry, and ELISA.
chromatin fibers from the nucleus. Invading pathogens are then trapped within the network of chromatin and killed by highly concentrated, NET-entangled antimicrobial proteins, such as myeloperoxidase (MPO) and elastase (Brinkmann et al., 2004) . However, NETs are a double-edged sword; the unrestrained NET formation from over-activated neutrophils can also contribute to severe tissue damage, for instance by the cytotoxic effect of histone components of NETs (Saffarzadeh et al., 2012) . One example of a pathological condition in which neutrophils are over-activated and have enhanced capacity to form NETs is systemic lupus erythematosus. The levels of antibodies against double-stranded DNA as well as other components of NETs are elevated in sera of lupus patients (Knight and Kaplan, 2012; Yu and Su, 2013) . Affected skin and kidneys from lupus patients are infiltrated by netting neutrophils, which cause endothelial cell damage, a critical step in the pathogenesis of lupus and other neutrophil over-activation syndromes (Villanueva et al., 2011) . Different methods have been used for NET detection and quantification, including immunocytochemistry (Brinkmann et al., 2010) , fluorescent dyes, flow cytometry, and ELISA.
Immunocytochemistry with DAPI and DNA/histone was the best method for NET qualification and quantification, since decondensation of the nucleus indicates NET formation. Picogreen dye is a sensitive method to quantify NET-DNA concentration (Saffarzadeh et al., 2012; Tanaka et al., 2015) , while Sytox orange is a fast and easy method for NET quantification. Flow cytometric analysis by 2 www.bio-protocol.org/e2386 Vol 7, Iss 13, Jul 05, 2017 DOI:10.21769/BioProtoc.2386 measuring the signal for labeled-DNA/histone antibody, or myeloperoxidase-DNA based ELISA are useful methods for detection and quantification of NETs in pathological samples such as serum or peritoneal fluid of patients (Caudrillier et al., 2012) .
In this protocol, we provide the details for the demonstration of NET formation by fluorescent immunostaining for chromatin fiber with anti-DNA/histone H1 antibody, which has a very high affinity for decondensed chromatin in NETs in comparison to DAPI or Hoechst (Saffarzadeh et al., 2012) .
Furthermore, we describe a quick method for NET quantification with Sytox orange, a non-cell-permeable DNA specific dye staining extracellular DNA content (Williams et al., 1999; Yost et al., 2009) , by fluorescence intensity measured by a microplate reader. This protocol has been applied successfully in our recent studies, whereby we show that antibody-or complement-induced phagocytosis triggers rapid NET formation (Saffarzadeh et al., 2014) , and more importantly, mesenchymal stem cells suppress NET formation from over-activated neutrophils (Jiang et al., 2016) . with PI dye and the purity of the viable neutrophils was analyzed using a human CD15 antibody within the PI negative gate. C. Human neutrophils were isolated from buffy coat with the MACSxpress method (step A2). The cell viability was analyzed with PI dye and the purity of the viable neutrophils was analyzed with human CD15 antibody within the PI negative gate. D.
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Murine bone marrow neutrophils were isolated by magnetic sorting using a negative depletion method (step A3). The cell viability was analyzed with PI dye and the purity of the viable neutrophils was analyzed with a mouse Ly6G (Gr-1) antibody within the PI negative gate. Gray 
B. NET demonstration by immunostaining
Note: If the aim is to study the interaction of specific adherent cells with neutrophils and NET formation, seed the cells of interest one day prior to neutrophil isolation into 8-well glass chamber slide (Millicell EZ Slide 8-well glass) in 300 µl medium per well and culture overnight. The seeding cell number depends on the ratio of the target cells to neutrophils. Make duplicate wells for each
condition. Remove culture medium before adding neutrophils. e. Incubate for 3 h in a 37 °C incubator.
f. Add 100 µl 4% PFA to each well without removing the medium (i.e., at final concentration of 1%) to fix the cells at 4 °C for overnight.
2. Staining with anti-DNA/Histone H1 antibody and DAPI on the next day (Figures 2A and 2B) . 2. This assay should be performed at least 3 times with independent neutrophil samples. Data can be presented as mean ± SD (or SEM). Unpaired, two-tailed Student's t-test can be used for significance test. 3. The immunostaining pattern of NET looks different in human and mouse neutrophils. The NET fibers from human neutrophils are much longer and display more prominent network structure.
Mouse bone marrow neutrophils are less capable of NET formation, but could be augmented by adding calcium to activate citrullination of histones which are important for NETosis.
Regarding few nuclei in Figure 2B , based on our experience, compared to human neutrophils, smaller fraction of mouse neutrophils undergo NETosis. Oxidative burst and other activation processes lead to cell death and not adhering to the dishes.
4. The microplate reader CLARIOstar with a monochromator from BMG Labtech (Ortenberg, Germany) has been tested for the Sytox orange assay, and it works nicely with excitation at 547 nm, and emission at 570 nm.
5. The viability and purity of human neutrophils isolated from buffy coat depend on the freshness of the sample. Within 12 h of collection, the expected viability of neutrophils is higher than 80%.
The expected purity from both gradient centrifugation and MACSxpress methods is higher than 80%. No difference is noticed in the functional response of neutrophils isolated by the two methods.
6. In general, it is recommended to use different quantification methods to evaluate NETs, and to combine it with immunofluorescence microscopy to visualize NETs. The Sytox orange assay is useful as an easy NET quantification method for in vitro experiments. For in vivo conditions, a demonstration of neutrophil marker together with antibodies against NET components that can detect decondensed chromatin is recommended.
